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Abstract 
Over the past three decades, the wetlands of the Sanjiang Plain in Northeast China were extensively reclaimed for 
farmland and suffered from significant disturbance and degradation. We extracted accurate and consistent land use 
change information for a typical state farm, called Bawujiu Farm, from classified satellite images from the Landsat 
MSS in 1979, and from the Landsat TM in 1992, 1999, and 2009. The landscape pattern changes of wetland and 
farmland were then calculated and analyzed spatiotemporally at class level for each year. The results indicate that the 
rapid agricultural development process has brought about serious wetlands degradation and fragmentation and 
excessive cropland growth. The spatial feature of farmland expansion is characterized by the radial expansion 
centered on the newly-built settlements, linear expansion along the roads, canals and rivers, and planar expansion in 
the irrigation districts. A comprehensive and effective land use planning and management strategy is essential to 
decrease the unprecedented speed of agricultural development.  
 
© 2011 Published by Elsevier Ltd.  
 
Keywords: Agricultural development; Wetland reclamation; Spatial metrics; China; State Farm 
1. Introduction 
It is becoming more and more recognized that wetlands are an important component of the terrestrial 
landscape, performing such significant ecosystem services [1] as climate regulation, pollutant reduction, 
flood storage, drought control, water supply, and biodiversity conservation [2, 3]. However, wetlands 
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degradation is becoming more and more serious due to biological invasion, climate variability, and 
human disturbance, and the landscape of wetlands changing greatly, thereby accelerating the degradation 
and threatening ecological balance and environmental quality in wetlands regions [4, 5].  
As wetlands are an important natural resource for land reclamation, the study of wetlands landscape 
change has become important to sustainable agriculture and environmental management efforts in recent 
years. The techniques of remote sensing have been widely utilized in natural science to characterize the 
process of land use and cover changes [6, 7]. Because land use change is closely related to socioeconomic 
development and environmental change, the relationship between landscape change and its driving forces 
was studied widely [8, 9], and some researchers have also explored the impact of land use change on 
regional environmental quality [10], biomass and biodiversity [11], hydrological condition [12], and soil 
quality [13].  
 In China, while some research has been done recently on land use management and landscape change 
in areas with abundant wetlands -- including studies on the landscape effects of environmental impact on 
wetlands due to rapid urbanization and industrialization [14], the effects of spatial pattern change on the 
ecosystem function of wetlands [15], and the changes in wetlands landscape patterns in remote areas 
triggered by climate change, overgrazing, and disorder-caused tourism [16] -- there is still a lack of 
integrated research on landscape change and wetlands management in rural areas and the main grain-
producing areas, and there is also little research on the landscape changes of the typical state-owned farm 
in China.  
As many state-owned farms in Sanjiang Plain, located in Heilongjiang Province in Northeast China, 
have experienced great agricultural development and extensive agricultural land expansion since the 
1950s, widespread wetlands in and around the farms have experienced shrinkage and fragmentation. In 
the Sanjiang Plain area, the transformation of former wetlands to farmland in the past fifty years has 
resulted in a reduction of natural wetlands from about 3.53×106 ha in 1954 to 0.96×106 ha in 2005 [17]. 
As Heilongjiang Province is the biggest base for commodity grain production in China, to guarantee the 
security of the national food supply, since 1949 central and local governments have established a series of 
policies and regulations to increase crop yield by introducing advanced agricultural techniques and 
reclaiming large areas of wetlands. Although the rapid change from wetlands to farming system has 
resulted in an unprecedented increase in agricultural productivity in the past decades, the negative impacts 
on local environmental quality created by unscientific methods of reclamation may in turn affect the 
production and quality of grain in the long run. About Sanjiang Plain, researchers have noted that the 
over-reclamation of natural wetlands for farmland has had an effect on water and energy exchanges [18], 
soil nutrients [19], and atmospheric emissions [20]. Further studies are necessary to assess the influence 
of wetlands reclamation on regional environmental quality. It is therefore important to identify the 
impacts of land use practices on wetlands-rich environments and to ensure that these potential impacts are 
considered when formulating land use policy. 
The main objective of this paper is to provide a quantitative assessment of the spatial and temporal 
dynamics of agricultural development in the study area and to explore the impact of reclaiming wetlands 
to farmland, so as to promote recognition of the issue and provide information for the conservation and 
scientific use of wetlands resources in the studied area at strategic and local levels. 
2. Materials and methods 
2.1. Study area description 
The Sanjiang Plain, located in the eastern part of Heilongjiang Province, Northeast China, is an 
alluvial plain formed by the Heilong, Wusuli, and Songhua rivers. The suitable natural condition of low 
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slope grade and boreal climate makes it the largest area of freshwater wetlands in China. However, since 
the 1950s the Sanjiang Plain has witnessed many land use changes due to rapid agricultural reclamation 
that have affected a sizeable area of freshwater wetlands. In fact, quite some irreversible damage has been 
done to the plain’s fresh wetlands systems, both qualitatively and quantitatively. There are 52 typical 
Chinese state-owned farms spread over the Sanjiang Plain, which are managed by the Bureau of State 
Farms and Land Reclamation (BSFLR). Most of the grain produced by these farms is sold as commodity 
grain across the nation and abroad. 
The study area is a typical state-owned farm in the northeast of Sanjiang Plain called “Bawujiu” State 
Farm, which is located at 47°18′-47°50′N, 133°50′-134°33′E (Fig.1). The farm faces Russia across the 
Wusuli river and is surrounded by other state-owned farms. This farm experiences a temperate moist 
monsoon climate, with a mean annual temperature of 2.94℃ and mean annual precipitation of 600mm 
(1981-2004 average). More than 60% of the annual precipitation is concentrated between July and 
September. The elevation of the farm ranges between 43m and 363m, and the ground slopes down from 
southwest to northeast. 
 
Fig. 1. Location of study area in Northeast China 
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2.2. General research framework 
The effects of agricultural reclamation on land use and landscape changes in the study area were 
assessed based on remote sensing data, socioeconomic data, spatial analyses from GIS, and methods of 
landscape ecology. Fig. 2 illustrates the overall research approaches and analysis process. 
 
Fig. 2. Flow chart of the analysis  
2.3.  Land use data preparation  
Data and information on land use and land use changes were extracted by means of detection analysis 
of the MSS image for July 12, 1979; and from TM images for three dates: September 16, 1992,  
December 8, 1999, and May 20, 2009. These images were obtained from the Institute for Remote Sensing 
Application (IRSA) in Beijing and the Global Land Cover Facility (GLCF) at the University of Maryland 
in the U.S.A.  
Land use at Bawujiu Farm was characterized at four different times (1979, 1992, 1999 and 2009). 
Based on land use attributes, land resources and the spectral features of ground objects, land use was 
classified into the following seven stable classes: paddy land, dry land, forestry land, grassland, 
construction land, water area, and wetlands (Table 1). Paddy land did not exist here until the introduction 
of rice planting in 1985. The software package ENVI 4.4 was used for data processing, including pre-
processing and false color composite. Geometric rectification was done before classification to deal with 
unsystematically geometric errors. Supervised classification using the maximum likelihood algorithm was 
carried out using the ENVI 4.4 platform to interpret the enhanced pre-processed TM images and MSS 
image.  
Table 1. Land use reclassification scheme. 
 
First-level land use type Original land use type 
Paddy land Paddy land 
Dry land Soybean, wheat and maize land 
Grassland Dense grass, moderate grass, sparse grass 
Forestry Forest, shrub, woods 
Water area Stream, river, lake, reservoir, pond 
Construction land Rural settlements 
Wetlands Wetlands 
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2.4.  Land use and landscape change calculation 
In the ArcGIS environment, spatial analysis functions were applied to measure the process of 
agricultural development. First, land use change and land use conversion matrix of the farm from 1979 to 
2009 were calculated. Second, the conversion from wetlands to other land-use types at three different 
times was calculated and displayed spatially.  
The FRAGSTATS model system is a spatial-pattern analysis program used to analyze the four 
categorical maps that were produced during remote sensing classification. While FRAGSTATS provides 
a large number of spatial metrics, a specific subset of these was specifically selected for this study, which 
is described in Table 2. 
In this study, assessment of regional landscape change mainly focused on the process of agricultural 
reclamation, the most critical factor triggering changes in landscape and environmental quality. As a 
result, landscape changes in farmland (including dry land and paddy land) and wetlands are our focus 
here. Using FRAGSTATS (version 3.3) [21], class-level metrics of dry land, paddy land and wetlands 
were computed in this study. 
Table 2.  Spatial metrics selected in this study 
 
Metrics (Abbreviation) Description Unit Range 
Patch density (PD) Number of patches per 100 hectares Number per 
100 hectares. 
PD > 0 
Edge density (ED) Sum of length of all edge segments for the class divided 
by total landscape area 
Meters per 
hectare 
ED≥0 
Largest patch index (LPI) Area of the largest patch in each class expressed as a 
percentage of total landscape area 
Percent 0 < 
LPI≤100 
Mean patch size (MPS) Average area of all patches in a landscape Square meter MPS> 0 
Landscape shape index (LSI) Average complexity of the landscape as a whole None LSI≥1 
Fractal dimension index(FD) Reflects shape complexity across a range of spatial scales None FD > 0 
3. Results  
3.1. Land use change between 1979 and 2009 
The land use of the Bawujiu Farm for 1979, 1992, 1999 and 2009 is displayed in Table 3. Overall land 
use changes in the study area from 1979 to 2009 are displayed in Table 4. The assessment results show 
that wetlands, dry land and paddy land were the three largest land use types in 2009. For the main land 
use types, the most important change was an increase in dry land and paddy land and a decline in 
wetlands and forestry. From 1979 to 1999, although wetlands was the largest land use type, the wetlands 
area shrank continuously from 825.5 km2 to 663.4 km2. In the last decade, the wetlands area decreased 
drastically to 352.2 km2. Paddy land did not exist in 1979 and only covered a small portion of the study 
area in 1992, but by 2009 the area of paddy land had increased to 435.2 km2 and become the largest land 
use type. Although the area of dry land increased rapidly from 1979 to 1992, it remained almost 
unchanged between 1992 and 2009. Construction land increased continually to 18.8 km2 in 2009, and is 
more than three times its area in 1979. The area of forestry decreased continually under the investigation. 
The change in water area was similar to that for the forestry land area.  
The land use/cover matrix over the three decades (Table 4) indicates that the most remarkable change 
in land use at the farm was a transformation from wetlands to paddy land and dry land. The area of other 
land use types which were originally wetlands is relatively small compared with that of paddy land and 
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dry land. Of the increased paddy land, 72.1% (313.7 km2) was converted from wetlands, and 15.4% 
(67.1km2) and 11.5% (50.0 km2) were created from dry land and forestry land, respectively. For dry land, 
148.3 km2 of wetlands and 34.9 km2 of forestry were converted to dry land. In addition, except for 31.0 
km2 of forestry converted to wetlands, the areas of other land use types which were converted to wetlands 
are relatively small.  
Table 3. Total area and area changes of land use types between 1979 and 2009. 
 
Land use type Total area (km2) Area (%) 
 1979 1992 1999 2009 1979 1992 1999 2009 
Paddy land 0 5.6  126.0  435.2  0.0  0.4  9.4  32.6  
Dry land 224.0  311.3  305.6  327.7  14.9  23.3  22.9  24.6  
Forestry 257.6  233.3  185.1  165.9  19.2  17.5  13.9  12.4  
Grassland 7.0  9.8  25.8  16.9  0.5  0.7  1.9  1.3  
Water area 14.2  15.4  16.0  17.3  1.1  1.2  1.2  1.3  
Construction land 5.7  6.6  12.1  18.8  0.4  0.5  0.9  1.4  
Wetlands 825.5  752.0  663.4  352.2  63.9  56.4  49.8  26.4  
 
Table 4.  Land use conversion matrix from 1979 to 2009 (in square meters). 
Land use type 
2009 
1979 
Dry land Forestry Grassland Water area Construction land Wetland 2009 Total 
Paddy land 67.1 50.0 3.4 0.5 0.2 313.7 434.8 
Dry land 141.8 34.9 1.5 0.6 0.4 148.3 327.5 
Forestry 6.5 134.8 0.4 0.1 0.2 25.9 167.9 
Grassland 1.3 2.5 0.1 0.0 0.0 12.8 16.8 
Water area 0.4 0.9 0.2 9.8 0.1 5.9 17.4 
Construction land 5.7 3.5 0.2 0.1 4.8 4.5 18.8 
Wetlands 1.1 31.0 1.2 3.1 0.0 314.4 350.9 
1979 Total 224.0 257.6 7.0 14.2 5.7 825.5 1334.0 
3.2. Changes for wetlands between 1979 and 2009 
The conversions of wetlands to other land-use types during different periods of time are displayed in 
Table 5. The area of transformation from wetlands to dry land and paddy land increased during three 
different periods of time.  
Fig. 3 shows the spatial distribution of wetlands and the conversion from wetlands to farmland. In 
1979, wetlands were distributed widely in the east and northeast parts of the region, and there were many 
big patches of wetlands on the farm. The conversion of wetlands to farmland happened mainly in the 
middle of the farm and between 1979 and 1992. After this, a large area of wetlands was converted to 
farmland in the east part of the farm, and this conversion was spatially  scattered. By 2009, farm wetlands 
had been reclaimed on a large scale and many big patches had disappeared. 
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Table 5.  Land use conversion from wetlands to other land use types (1979 - 2009) 
 
Converted to 
land use type 
1979-1992 1992-1999 1999-2009 
Area(km2) % Area(km2) % Area(km2) % 
Paddy land 4.7 0.6 53.3  7.1  178.5  26.9  
Dry land 88.4 10.7 74.5  9.9  131.3  19.8  
Forestry 46.2 5.6 27.1  3.6  15.6  2.4  
Grassland 7.0 0.8 17.9  2.4  10.7  1.6  
Water area 4.6 0.6 4.6  0.6  4.8  0.7  
Construction land 0.6 0.1 1.5  0.2  1.8  0.3  
Wetlands 673.9 81.6 573.2  76.2  320.6  48.3  
Total 825.5 100.0 752.1  100.0  663.4  100.0  
 
Fig. 3. Conversion from wetlands to paddy land and dry land (a) 1979-1992 (b) 1992-1999 (c) 1999-2009. 
3.3.  Landscape pattern of wetlands and farmland 
The transformation from wetlands to paddy land and dry land was the most remarkable land use 
change from 1979 to 2009, landscape changes of farmland and wetland was also analyzed using 
landscape metrics, which including PD (patch density), MPS (mean patch size) , LPI (largest patch index), 
ED (edge density), LSI (landscape shape index), and FD (fractal dimension index). 
The most remarkable change was a tremendous increase in the dry land PD, especially during the last 
two decades under investigation; the largest PD was also found during the last period. The paddy land PD 
increased from 0.01 in 1992 to 0.14 in 1999 and decreased to 0.1 during the last period. The wetlands PD 
decreased slightly from 1979 to 1992 and increased continually to 0.16 in 2009. In short, the PD analysis 
reveals that the patch number of wetlands and farmland increased and the areas became more fragile. 
The dry land LPI increased over the first two decades and decreased slightly to 8.72 in the last decade. 
The paddy land LPI increased dramatically and by 2009 had become the largest LPI of three land-use 
types. Although the wetlands LPI was the largest among three land-use types in 1979, it decreased 
continually from 60.2 to 11.0 in 2009. In summary, the LPI analysis reveals that the largest patch area 
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percentage of wetlands decreased from 1979 to 2009, whereas the LPI values of dry land and paddy land 
landscapes increased, meaning that the largest areas in both landscapes were dominant. 
Although the wetlands MPS was the largest in 1979 and 1992, it decreased dramatically in the last two 
decades. A continually decreasing trend is found with the dry land MPS, while paddy land MPS  
increased significantly, which indicates that wetlands and dry land patches have become smaller and more 
fragile, and the average area of paddy land has experienced a rapid increase.    
The dry land and paddy land ED have been continually increasing under investigation. The wetlands 
ED increased from 11.0 in 1979 to 15.8 in 1999 and decreased to 11.7 during the last decade. The 
analysis of ED changes demonstrates that the farmland and wetlands landscape patch edge density 
increased and the patch shape become more complex. The LSI of farmland and wetlands reveals an 
increased trend during investigation, which shows that the regional landscape shape of wetlands and 
farmland was converted into less aggregated form and the landscape shape of the paddy land become 
more aggregated. The wetland FD shows a variation trend and slight increase. The dry land FD shows an 
opposite trend to that of the wetlands FD. The paddy land FD experienced a continually increase over 
three decades. The FD analysis reveals that the FD of the other two land use types became more complex, 
versus that for dry land.  
 
 
 
Fig. 4. Patch level landscape metrics variation from 1979 to 2009  
4. Discussion 
4.1. Spatial features of farmland expansion  
In China’s countryside, the land use change of farmland and rural construction land are the two 
important land conversion types characterizing rural development [22]. The speed of farmland and rural 
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construction land expansion and wetlands degradation has been accelerating since 1979 due to stimulation 
by socioeconomic factors. From the location of new built-up settlements, roads and ditches, it can be seen 
that the orientation of farmland expansion is from southwest to northeast (Fig. 3).  
Fig. 3 shows that as the area and number of settlements has increased during the past three decades, 
farmland has experienced a concentric expansion centering on construction land from neighborhoods to 
distant places. The building of new roads and irrigation canals, along with the existing rivers, has also 
contributed to the spatial expansion framework in land use, driving the conversion from wetlands to 
farmland along and beside roads, ditches and rivers due to the convenience of transportation and 
irrigation. The Wusuli Irrigation District provides good conditions and water resource facilities for rice-
planting. Meanwhile, other driving forces described above are also speeding wetlands landscape change 
from a contiguous large “bread” to disconnected small “crumbs”, which are the patches broken up by the 
ditches and roads and other land use types. Finally, the rural settlements were surrounded by farmland, 
the frameworks created by the roads and irrigation canals were filled with paddy land and dry land, and a 
sizeable area of wetlands was converted to farmland in the irrigation district. The “spot-line-surface” 
reclamation pattern is to some extent controlled by local governments and decision makers, who tend to 
prefer “rapid, extensive, comprehensive” reclamation methods, which is similar to the urbanization 
process of some big cities in China [23].  
In the interest of the higher economic benefits of rice planting (Fig. 3), the main planting pattern for 
farmland has also changed from dry land to paddy land.  From 1979 to 1992, except for a small area of 
wetlands converted to paddy land, most of the converted wetlands areas were transformed to dry land. 
The area of paddy land that was originally wetlands and dry land experienced a continually rapid increase 
from 1992 to 2009. The transformation of wetlands to dry land and dry land to paddy land occurred at the 
same time, which may explain the unchanging size in area of dry land between 1992 and 2009.  
From 1979 to 2009, wetlands changes in the study area have the dual characteristic of fragmentation 
and shrinkage, as evidenced by the increase of wetlands PD, ED, LSI and FD, and the continuous 
decrease of wetlands MPS and LPI. Fragmentation is the obvious characteristic of farmland change. On 
the one hand, the fragmentation can be proved by an increase in the PD, ED and LSI values of paddy land 
and dry land. On the other hand, the paddy land MPS increased and dry land MPS decreased, which 
confirms that the main planting pattern of farmland has changed from dry land to paddy land. 
4.2. Suggestions for wetlands protection and agricultural development  
In 2009, the local government enacted the food policy of “A Hundred Billion Catty Grain Plan,” and 
aims to create thirty new irrigation districts and increase paddy land to 2,780 km2 by 2015 in Sanjiang 
Plain. As the density of roads, ditches and settlements in the north part of the farm is relatively small 
compared with that in the middle and south parts of the farm, the area of farmland in the north part of the 
study area is also small. We predict that the north part of the farm will undergo fierce agricultural 
exploitation in the next five years, namely more and more wetlands will be reclaimed for farmland, 
especially paddy land, and a large area of dry land will be altered to accommodate the planting of rice.  
Zoning management is now the generally effective measure to control the land use of wetlands, especially 
in ecologically sensitive regions [24]. Local government has built two Wetland Nature Reserves (Raolihe 
Nature Reserve and Wusuli Nature Reserve), which are located in the east of the farm (Fig.1), however, 
some wetlands have been reclaimed to farmland in the Wusuli Nature Reserve. At the national and 
regional levels, combining legal, economic, technical and administrative methods to address the wetlands 
degradation problem is a good choice for government. It is also necessary to encourage pubic anticipation 
of wetlands conservation actions and effective enforcement measures for wetlands protection are to be 
taken. The responsibility for wetlands protection should be delimited between the different governmental 
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departments so as to integrate resources and make compromises in a land use policy that  will take into 
account both agricultural production and wetlands protection. In 2000, the Government of China mapped 
out the new countryside development ideology of “Ecological Agriculture”. Some regions have paid the 
price for unwise development and have begun to make efforts to explore scientific methods of agricultural 
and rural development [25]. Therefore, since sustainable agricultural development is a critical issue for 
the decision makers in this region, we suggest that the local government take measures to maintain a 
moderate pace in wetlands reclamation, change the mode of agricultural development from extensive to 
intensive, and raise the level of land consolidation.  
5. Conclusion 
The conflict between wetlands protection and agricultural development is getting more and more 
irreconcilable in the state farms of Sanjiang Plain. The extensive reclamation of wetlands in the study area 
in the past three decades is to some extent the outcome of unwise land-use policies and regulations. 
However, the government did not take effective measures to weaken wetlands degradation in Sanjiang 
Plain instead of implementing food-first policies. For our research, land use and landscape changes over 
three decades were studied based on the changes shown by several landscape metrics and the transition 
matrix of land-use types. A total of 736.1 km2 or 55.2% of the total land studied has been transformed to 
other land use types, of which 66.3% comprises land transformed from wetlands to farmland (dry land 
and paddy land). According to the landscape indicators of three land use types, the regional landscape of 
farmland and wetlands experienced a fragmentation process, and the dominant landscape was gradually 
converted from wetlands to farmland between 1979 and 2009. The spatial feature of farmland expansion 
is the “spot-line-plane” pattern.  
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